IMPORTANCE Patients, governments, health care providers, and insurance companies show an increased interest in health outcomes, especially in centralized medical care, such as cleft lip nose treatment. Transparent outcome reporting requires a thorough methodological design, dedicated prospective data collection process, and, preferably, no interference with the efficacy of daily practice.
S urgical repair of the cleft lip nose is considered to be a difficult reconstructive procedure. Scarring from previous surgical procedures, presence of deformed and displaced cartilage, insufficient soft tissue for tension-free closure, and subsequent tendency of the nasal vestibule to contract over time are examples of factors associated with overall postoperative results. Long-term follow-up of the healing process as well as evaluation and quantification of patient satisfaction is essential to understand and communicate to our patients the potential benefits and limitations of secondary cleft lip rhinoplasty.
For years, rhinoplasty surgeons have acknowledged the importance of long-term outcome monitoring, which is reflected by numerous articles describing surgical results based on different outcome instruments. For cleft lip care specifically, participation in global collaborations, such as the International Consortium for Health Outcomes Measurement (ICHOM), emerge. 1 Despite these efforts, a global consensus on how rhinoplasty outcomes should be measured and compared remains absent. Centers that prospectively evaluate rhinoplasty outcomes as an integrated part of daily practice are scarce. The latter is explained by the assumption that routine prospective outcome monitoring is a time-consuming administrative and statistical burden. Nevertheless, the possibility of evaluating health outcomes after elective surgical procedures based on systematic data collection is valuable.
2, 3 We describe the design and implementation of a short and practical secondary cleft lip rhinoplasty outcome routine, focusing on nasal obstruction and aesthetics, that is supported by automated data collection and statistical analysis. Results are presented graphically on a customized web-based dashboard that is easy to understand by physicians and third parties who are interested in, and empowered by, health outcomes. An unselected cohort of consecutive patients referred for secondary cleft lip and palate reconstruction, prospectively followed up until at least 1 year after surgery, was used to display the functionality and advantages of the outcome routine. Results are presented and discussed to illustrate that, with fairly limited effort, it is possible to be more transparent about surgical performance.
Methods
Part I: Considerations, Design, and Implementation
The ultimate goal of secondary cleft lip rhinoplasty is to satisfy the patient's functional and aesthetic expectations of the procedure. We believe the patient is the person most qualified to quantify these end points using rhinoplasty-specific, patient-reported outcome measures. The patient-reported outcome measures were chosen on validity, international acceptance, and short and simple design. The first 2 characteristics are important to ensure that physicians speak the same meaningful language when performing a cross-cultural comparison of outcome. The short and simple design minimizes the influence of respondent burden bias and avoids unwanted interference with the efficacy of daily practice.
Hospital Setting and Study Population
The Erasmus Medical Center in Rotterdam is a university teaching hospital that serves a population of approximately 3 million people in the southwestern area of the Netherlands. It acts as a referral center for 30 affiliated hospitals. Our clinic participates in a multidisciplinary cleft center, providing the whole spectrum of care from birth to final corrections in adult or adolescent patients. All patients referred to 2 of us (S.V. and F.R.D.) between July 1, 2014, and March 31, 2018, to explore the indication for secondary cleft rhinoplasty were included. Collection of data in this study was in accordance with the ethical standards of the institutional review board of the Erasmus Medical Center Rotterdam, and an oral informed consent for study participation was obtained from all patients.
Instrument
The first part of the outcome routine focuses on quantification of nasal obstruction by using the Nasal Obstruction Symptom Evaluation (NOSE) scale and 2 visual analog scales (VASs) for left-and right-sided nasal obstruction. The VASs are scored from 0 to 10, where 0 indicates complete obstruction and 10 indicates a clear nose. The NOSE scale is a simple and validated questionnaire containing five 5-point Likert scale questions related to nasal obstruction. Sum scores are multiplied by 5, resulting in a range from 0 to 100, with a higher score indicating more patient dissatisfaction associated with nasal obstruction.
4,5
The second part of the outcome routine focuses on quantification of body image and quality of life in relation to nasal appearance using the Utrecht Questionnaire (UQ) and 1 VAS to rate nasal appearance. This VAS is scored from 0 to 10, where 0 indicates very ugly and 10 indicates very nice. The UQ contains five 5-point Likert scale questions. Sum scores range between 5 and 25, and a higher sum score indicates more concern about body image in relation to nasal appearance. 6, 7 Of additional benefit is that question 3 and 4 of the UQ are trick questions, where high scores hint toward a disturbance in body perception related to nasal appearance or body dysmorphic disorder. The UQ complements clinicians' instinct and assists in
Key Points
Question What are the benefits of an automated outcome routine in a population of patients undergoing secondary cleft lip rhinoplasty?
Findings In this pilot cohort study of 123 patients undergoing secondary cleft lip rhinoplasty, patient-reported functional and aesthetic outcomes improved significantly. The automated health care monitor provided real-time insights in population characteristics and functional and aesthetic outcomes and carried additional practical benefits related to patient selection, patient empowerment, and transparency toward third parties.
Meaning With use of an automated outcome reporting system, it may be possible to be more transparent about real-time functional and aesthetic results for patients undergoing secondary cleft lip rhinoplasty.
identifying patients who may have a disturbance in body perception and for whom surgery should be avoided until proper psychological evaluation has been performed.
Physical Examination
In the basal view, the width of the alar base, nostril asymmetry, columella position, length and scarring, external nasal valve collapse, and dimensions of the hemi-tip were analyzed. Anterior rhinoscopy was used to evaluate the mucosa, volume of the inferior turbinates, septal length and deviation, vestibular floor defects, and signs of internal nasal valve insufficiency. In the frontal, oblique, and profile view, crookedness, dimensions of the hemi-tip, lateral wall collapse, and overall nasofacial proportions were evaluated. Palpation was used to determine characteristics of the skin and soft-tissue envelope and composition of the osseocartilaginous dorsum.
Timing and Follow-up At the first visit, patients completed the questionnaires in the waiting room to minimize confounding factors related to consultation and provided diagnostic information. Questionnaires could be answered on paper or a digital tablet PC that runs LimeSurvey, an open-source survey tool. 8 Prior to consultation, the physician viewed the scores providing preliminary insights into the severity of nasal aesthetic and functional disturbances. The routine was repeated at regular postoperative check-ups 3 months (short-term) and 12 months (long-term) after surgery. Patients who did not show up for postoperative evaluations were contacted to reschedule or to return completed questionnaires by mail. The typical time for the whole routine was less than 5 minutes, which did not interfere with the efficacy of daily practice. The percentage of patients lost to follow-up (repeated absence on check-ups 12 months after surgery) was 6.5% (5 of 77).
Statistical Analysis and Outcome Dashboard
All data were collected in IBM SPSS Statistics for Windows, version 21 (IBM Corp). Functional and aesthetic (sum) scores and change after surgery were analyzed with a t test for paired data. A web-based dashboard was programmed with shiny: Web Application Framework for R, allowing real-time outcome analysis when new patients were included in the data set. 9 All data, tables, and figures presented in this article are derived from the dashboard (available online at https://erasmusmc-kno .shinyapps.io/rhinoplasty-cleft). 
Reasons Secondary Cleft Lip Rhinoplasty Was Not Performed
Surgery was not performed in 20 of 123 patients (16.3%). In the Netherlands, all patients who may potentially undergo rhinoplasty must meet the review standards of the insurance carrier, which is crucial because we cannot offer out-of-pocket payment. One request was permanently declined. Other reasons for discouraging or postponing surgery were that some patients had too much to lose or too little to gain in terms of physical outcomes from revision rhinoplasty (n = 9), some had serious doubts about surgery (n = 9), and 1 was not fit for surgery. Unrealistic expectations or signs of a disturbed body perception in relation to nasal appearance were not encountered.
Results

Functional Outcome Results of the Surgical Population
The third button on the left side of the dashboard provides access to information about the severity of nasal obstruction before the first consultation and change after surgery. Automated outcome analysis is possible when either short-term or long-term follow-up is available. Presently, 77 of 103 eligible patients have undergone surgery, of whom 66 have at least short-term follow-up. Dropdown boxes under the subheading population characteristics filter allow differentiation between primary or revision cases. The dashboard is divided into 3 parts. The first part of the dashboard is the outcome table, which provides mean scores of the individual NOSE scale questions and mean sum score and 2 mean VAS scores for left-and rightsided obstruction. The mean (SD) preoperative NOSE scale sum score of the surgical population was 30.8 (27.6), which is comparable to a moderate problem (Table) . The mean postoperative NOSE scale sum score improved to 19.2 (22.2), which is comparable to a very mild problem. The mean (SD) VAS scores for left-and right-sided nasal obstruction before surgery were 5.6 (2.6) for the left side and 6.5 (2.8) for the right side; these scores significantly improved after surgery to a mean of 7.1 (2.2) for the left side and 7.4 (1. . However, the overall mean sum score improvement in revision cases was higher than in primary cases.
The second part of the dashboard depicts the distribution of NOSE scale sum scores, which is a graphical distribution of all patients into 5 nasal obstruction severity groups according to mean NOSE scale sum scores (eFigure 2 in the Supplement). 10 Prior to surgery, a random distribution is seen, with most patients reporting very mild to moderate obstruction. Despite the usual presence of framework pathologic findings, 20 patients reported no nasal obstruction before surgery. Severe problems were reported by 10 patients. eFigure 2intheSupplement further shows that 3 and 12 months after surgery, most patients reported no problems or very mild problems. One year after surgery, 5 patients still reported fairly severe obstruction. The third part of the dashboard depicts the mean outcome delta VAS, which is a (developing) normal distribution curve of mean VAS score improvement that shows a mean (SD) postoperative improvement of 1.3 (2.1) points (eFigure 2 in the Supplement). This improvement is almost similar in primary 
Aesthetic Outcome Results of the Surgical Population
The fourth button on the dashboard provides access to information about the severity of concerns related to nasal appearance before intake and 3 and 12 months after surgery. This part of the dashboard has a design and purpose identical to that for nasal obstruction. The mean (SD) preoperative UQ sum score was 13.1 (5.6), which decreased to 7.1 (3.3) after surgery. Revision cases reported a slightly more beneficial overall aesthetic end result (mean [SD] UQ sum score, 6.6 [1.7]) compared with primary cases (7.3 [3.5]). The mean (SD) VAS score improved from 4.1 (2.2) to 7.2 (1.4).
The graphical distribution of sum scores shows that, before surgery, most patients reported little to moderate concern regarding nasal appearance despite the usual presence of conspicuous nasal deformities. Only 9 patients showed very much concern but no signs of a disturbed body perception in relation to nasal appearance. One year after surgery, only 2 patients reported much concern with nasal appearance, whereas most patients had no or little concern (eFigure 3 in the Supplement). The aesthetic distribution curve shows a mean (SD) overall postoperative VAS score change of 3.0 (2.2) (eFigure 3 in the Supplement). The present number of patients is insufficient to conclude that aesthetic improvement is normally distributed. Only 2 patients reported a decrease in nasal appearance after surgery, and their patient IDs were automatically presented in order to review their medical records for explanations of these unwanted results.
Discussion
This article describes a short, automated secondary cleft rhinoplasty outcome routine that easily fits a busy rhinoplasty practice and avoids the need for complex statistics. The outcome routine translates nasal form and function disturbances as experienced by patients into data and quantifies change after surgery. The automated routine allows surgeons to be more transparent about secondary cleft lip rhinoplasty performance in real time.
The concept of measuring functional and aesthetic gain from secondary cleft lip rhinoplasty is not new.
11-13 However, a global consensus on which outcome measures are most suited to compare results between centers and institutions and a protocol on how outcome research should be performed remain absent, to our knowledge. This missed opportunity is acknowledged worldwide, resulting in the development of new instruments and emerging collaborations, such as ICHOM, which focuses on cross-cultural comparisons of medical performance by designing questionnaire sets that measure outcomes that matter to patients. For the cleft lip nose specifically, ICHOM implemented the NOSE scale to measure nasal obstruction on patients aged 8 and 12 years but not specifically before and after surgery. Our rhinoplasty outcome routine can therefore complement ICHOM's efforts. Although the primary aim of this study was to test the functionality of a practical prospective health outcome monitor as part of daily practice to provide transparency on overall secondary cleft lip rhinoplasty performance, unexpected additional benefits that upgraded our cleft care standard were encountered.
The first benefit was seen in patient selection and avoidance; prior to consultation, the surgeon has data on the severity and side of nasal obstruction and data on severity of concerns about nasal appearance. These data facilitate a targeted anamnesis and physical examination. Patients with very low scores who present for rhinoplasty are perhaps more curious about surgery than actually motivated to undergo it, and patients with high scores on trick questions give clinicians a forewarning of potential psychological issues.
The second benefit was seen in avoiding revision; the availability of patient-reported outcome measures data prior to follow-up consultations provides insight into patient satisfaction about the surgery. A warning about a patient's dissatisfaction with functional or aesthetic outcomes gives the surgeon time to prepare for a difficult consultation. Alternatively, knowing that the patient is very satisfied with the outcomes is not only a relaxing thought, but also warns the physician not to go into detail about noticeable or subtle asymmetries and especially to avoid offering revision rhinoplasty (Figure) . A, Front, side, and basal views of a bilateral cleft lip nose before surgery (T1). B, Front, side, and basal views 1 year after rhinoplasty (T3). A septal reconstruction, tip refinement using tongue-in-groove, suture techniques, and alar base reduction was performed. The anterior nasal spine and caudal septum could have been reduced more, and there is some asymmetry of the facets. However, the patient reported extreme aesthetic satisfaction. A revision for aesthetic purposes was therefore never part of the conversation. Her increased nasal obstruction was discussed and based on seasonal rhinitis symptoms and some narrowing of the nares caused by alar base reduction. She was not interested in revision surgery. NOSE indicates Nasal Obstruction Symptom Evaluation; UQ, Utrecht Questionnaire; and VAS, visual analog scale.
The third benefit was seen in patient empowerment; rhinoplasty is a shared decision-making process and ideally based on proper informed consent and realistic expectations of the procedure. The visual interpretations on the dashboard give patients a better understanding of what to expect from surgery and that there are limitations to the functional and aesthetic improvement that can be achieved. Furthermore, the dashboard provides immediate answers to questions such as: What average gain in nasal form and function can I expect? Do results last over time? What is the chance that my insurance carrier covers rhinoplasty? Does prior rhinoplasty influence the results of a revision?
The fourth benefit was appreciated by third parties; a nonmedical benefit is the ability to show third parties (eg, government, review committees, or insurance companies) the consequences of nasal obstruction and to voice concerns about how nasal appearance affects quality of life for patients with cleft lip. Combined with data about the potential improvement from surgery, this benefit justifies the place for secondary cleft lip rhinoplasty in a tertiary referral center. Furthermore, specific questions (eg, What are the characteristics of our cleft lip rhinoplasty population? How many procedures do we perform? What is the amount of revision cases?) can be answered without complex retrospective data analysis.
The fifth benefit is a learning curve accelerator. Secondary cleft lip rhinoplasty is a complex reconstructive procedure. Every rhinoplasty surgeon will acknowledge that adequate surgical exposure, proper training, and surgical skills are essential to develop a surgical learning curve. This learning curve can be accelerated and developed more quickly by reading articles, visiting experts, and participating in meetings. Surgeons' ability to learn from their own failures and successes is perhaps even more valuable. The dashboard automatically identifies dissatisfied patients and allows for a targeted critical appraisal of medical records to identify potential omissions.
For most patients born with a cleft lip and palate, secondary rhinoplasty is the final surgical correction after a long history of medical care. In contrast to most other patients undergoing rhinoplasty, they are used to the hospital setting, physicians focusing on functional and aesthetic improvement, and undergoing surgical procedures. These factors influence behavior, body image in relation to facial appearance, and expectations from surgical procedures. More specifically, patients with a cleft lip and palate tend to report moderate concerns about nasal appearance, even in the presence of conspicuous deformities, and have few concerns about undergoing rhinoplasty. Functionally, they have less outspoken demands, even in the presence of severe septal deviation. This attitude is reflected by the baseline values found in our cohort; the preoperative NOSE score of 3.8 is relatively low compared with preoperative mean scores of patients undergoing rhinoplasty for general nasal airway obstruction.
14 A study comparing a cohort of patients with cleft lip and palate, a cohort of patients with functional and aesthetic concerns, and a cohort with strictly aesthetic concerns is currently under way.
Limitations
The success of a prospective outcome routine depends on several factors. It must be quick, simple, and based on accepted instruments to warrant high patient cooperation and generation of meaningful data. Our choice of instruments was based on a literature review focusing on previously mentioned criteria. The NOSE scale and UQ were validated for populations without a cleft lip and palate who underwent rhinoplasty; theoretically, the performance of these scales in this population is not known. However, the constructs important to patients both with and without a cleft lip and palate who are undergoing rhinoplasty (nasal breathing and nasal shape) remain the same. It has not escaped our attention that other outcome instruments are available, which emphasizes the need for global consensus on how to measure rhinoplasty outcomes. Another concern is that, despite efforts to minimize bias and confounding factors, critics might question the value of data derived from subjective patient-reported instruments. Factors that are not under investigator's control could affect scores and might jeopardize global outcome comparisons.
Conclusions
We hope that the concept of prospective, unselected data collection, follow-up, and automated real-time outcome reporting as well as the additional practical benefits appeal to others. We believe that continuation of patient inclusions will ultimately lead to a power increase, providing a higher statistical level of evidence and eventually normal distributions of functional and aesthetic gain from surgery. This gain can then be communicated more confidently to our patients and third parties interested in health outcomes.
This button provides access to severity distribution of concerns related to nasal appearance according to the mean overall Utrecht Questionnaire sum scores before surgery (T1) and 3 (T2) and 12 (T3) months after surgery. The bottom part of the screen shows a distribution of mean aesthetic visual analog scale (VAS) score improvement after secondary cleft lip rhinoplasty. The IDs of patients on the far left of the curve (red ellipse) are automatically presented (red rectangle) for a targeted review of their medical charts and potential explanations for this unwanted outcome. Patient IDs (PIDs) shown are altered to warrant privacy. deltaVasE indicates the change in aesthetic VAS score after surgery.
